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(54) Motor/generator

(57) A motor/generator (3) is basically provided with
a stator (3’), a first rotor member (34A) and a magnetic
resistance changing mechanism. The stator has a plu-
rality of coils (12’) configured and arranged to be ener-
gized with a composite electrical current to form first and
second magnetic fields (m1,m2). The first rotor member

(34A) is configured and arranged to be rotated with re-
spect to the stator using the first magnetic field (m1). The
magnetic resistance changing mechanism is configured
and arranged to change a magnetic resistance between
the stator and the first rotor member using the second
magnetic field.
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Description

[0001] The present invention relates to a motor/gen-
erator and particularly, but not exclusively, to a motor/
generator arranged to change a magnetic resistance be-
tween a stator and a rotor thereof. Aspects of the inven-
tion also relate to a vehicle.
[0002] Japanese Laid-Open Patent Publication No.
2002-247822 discloses a conventional a motor/genera-
tor having a plurality of permanent magnets provided in
a rotor thereof. In such conventional motor/generator,
the induced voltage tends to become high when the mo-
tor/generator rotates at high speeds. Thus, in the con-
ventional motor/generator disclosed in the above men-
tioned reference is configured and arranged to prevent
the induced voltage from becoming high by increasing
the magnetic resistance between a stator and the rotor
when the rotor rotates at high speeds.
[0003] More specifically, the conventional motor/gen-
erator disclosed in the above mentioned reference in-
cludes the rotor, the stator having a plurality of coils, a
magnetic resistance changing mechanism and an actu-
ator. The conventional motor/generator is configured and
arranged to generate a magnetic field when the coils of
the stator are energized with an electric current such that
the rotor is driven by using the magnetic field. The mag-
netic resistance changing mechanism is configured and
arranged to change the magnetic resistance between the
stator and the rotor by changing the size of a gap existing
between the stator and the rotor. The actuator is config-
ured and arranged to actuate the magnetic resistance
changing mechanism in accordance with an operating
state of the motor/generator.
[0004] The conventional motor/generator disclosed in
the above mentioned reference requires a separate ac-
tuator to be provided in order to change the magnetic
resistance between the stator and the rotor. As a result,
the number of parts increases, and the cost of manufac-
turing the motor/generator becomes higher.
[0005] It is an aim of the invention to address this issue
and to improve upon known technology. Embodiments
of the invention provide a motor/generator that may be
configured and arranged to change a magnetic resist-
ance between a stator and a rotor without providing a
separate actuator. Other aims and advantages of the in-
vention will become apparent from the following descrip-
tion, claims and drawings.
[0006] Aspects of the invention therefore comprise a
motor/generator and a vehicle as claimed in the append-
ed claims.
[0007] According to another aspect of the invention
there is provided a motor/generator comprising a stator
having a plurality of coils configured and arranged to be
energized with a composite electrical current to form first
and second magnetic fields, a first rotor member config-
ured and arranged to be rotated with respect to the stator
using the first magnetic field and a magnetic resistance
changing mechanism configured and arranged to

change a magnetic resistance between the stator and
the first rotor member using the second magnetic field.
[0008] In an embodiment, the first rotor member is dis-
posed to face the stator with an axial gap being formed
between the first rotor member and the stator with respect
to a rotary shaft of the first rotor member The magnetic
resistance changing mechanism may be configured and
arranged to change a length of the axial gap between
the first rotor member and the stator by using the second
magnetic field to generate an axial force to move the first
rotor member in an axial direction.
[0009] In an embodiment, the magnetic resistance
changing mechanism includes a second rotor member
disposed to face the stator with a radial gap being formed
between the second rotor member and the stator with
respect to the rotary shaft, the second rotor member be-
ing configured and arranged to be driven by using the
second magnetic field and a power converting mecha-
nism configured and arranged to convert torque of the
second rotor member into the axial force to move the first
rotor member in the axial direction.
[0010] In an embodiment, the power converting mech-
anism includes a screw section formed between the sec-
ond rotor member and the rotary shaft.
[0011] In an embodiment, the power converting mech-
anism includes a loading cam mechanism formed be-
tween the first rotor member and the second rotor mem-
ber.
[0012] In an embodiment, the first rotor member is dis-
posed to face the stator with a radial gap being formed
between the first rotor member and the stator such that
the first rotor member and the stator at least partially over-
lap as viewed in a radial direction with respect to a rotary
shaft of the first rotor member. The magnetic resistance
changing mechanism may be configured and arranged
to change a circumferential area of the first rotor member
that overlaps with the stator as viewed in the radial di-
rection by using the second magnetic field to generate
an axial force to move the first rotor member in an axial
direction.
[0013] In an embodiment, the magnetic resistance
changing mechanism includes a second rotor member
disposed to face the stator with a radial gap being formed
between the second rotor member and the stator with
respect to the rotary shaft, the second rotor member be-
ing configured and arranged to be driven by using the
second magnetic field and a power converting mecha-
nism configured and arranged to convert torque of the
second rotor member into the axial force to move the first
rotor member in the axial direction.
[0014] In an embodiment, the power converting mech-
anism includes a screw section formed between the sec-
ond rotor member and the rotary shaft.
[0015] In an embodiment, the screw section is formed
between the first rotor member and the second rotor
member.
[0016] In an embodiment, the power converting mech-
anism includes a loading cam mechanism formed be-
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tween the first rotor member and the second rotor mem-
ber.
[0017] In an embodiment, the magnetic resistance
changing mechanism includes a second rotor member
disposed to face the stator with an axial gap being formed
between the second rotor member and the stator with
respect to the rotary shaft, the second rotor member be-
ing configured and arranged to be driven by using the
second magnetic field and a power converting mecha-
nism configured and arranged to convert torque of the
second rotor member into the axial force to move the first
rotor member in the axial direction.
[0018] According to a further aspect of the invention
there is provided a motor/generator comprising magnetic
field generating means for generating first and second
magnetic fields when energized with a composite elec-
trical current, drive force outputting means for generating
and outputting a rotary drive force using a first magnetic
circuit formed by the first magnetic field and magnetic
resistance changing means for changing a magnetic re-
sistance of the first magnetic circuit by using the second
magnetic field.
[0019] For example, a motor/generator is may com-
prise a stator, a first rotor member and a magnetic resist-
ance changing mechanism. The stator has a plurality of
coils configured and arranged to be energized with a
composite electrical current to form first and second mag-
netic fields. The first rotor member is configured and ar-
ranged to be rotated with respect to the stator using the
first magnetic field. The magnetic resistance changing
mechanism is configured and arranged to change a mag-
netic resistance between the stator and the first rotor
member using the second magnetic field.
[0020] Within the scope of this application it is envis-
aged that the various aspects, embodiments, examples,
features and alternatives set out in the preceding para-
graph, in the claims and/or in the following description
may be taken individually or in any combination thereof.
[0021] The present invention will now be described, by
way of example only, with reference to the accompanying
drawings in which:

Figure 1 is a simplified cross sectional view of a mo-
tor/generator taken along a center axis of a rotary
shaft of the motor/generator in accordance with a
first embodiment of the present invention;

Figure 2 is a simplified cross sectional view of a mo-
tor/generator taken along a center axis of a rotary
shaft of the motor/generator in accordance with a
second embodiment of the present invention;

Figure 3 is a pair of diagrams (a) and (b) illustrating
simplified cross sectional views of a motor/generator
taken along a center axis of a rotary shaft of the mo-
tor/generator in accordance with a third embodiment
of the present invention, wherein the diagram (a) il-
lustrates a low rotations speed state and the diagram

(b) illustrates a high rotational speed state;

Figure 4 is a simplified cross sectional view of a mo-
tor/generator taken along a center axis of a rotary
shaft of the motor/generator in accordance with a
fourth embodiment of the present invention;

Figure 5 is a simplified cross sectional view of a mo-
tor/generator taken along a center axis of a rotary
shaft of the motor/generator in accordance with a
fifth embodiment of the present invention; and

Figure 6 is a simplified cross sectional view of a mo-
tor/generator taken along a center axis of a rotary
shaft of the motor/generator in accordance with a
sixth embodiment of the present invention.

[0022] Selected embodiments of the present invention
will now be explained with reference to the drawings. It
will be apparent to those skilled in the art from this dis-
closure that the following descriptions of the embodi-
ments of the present invention are provided for illustration
only and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.
[0023] Referring initially to Figure 1, a motor/generator
1 is illustrated in accordance with a first embodiment of
the present invention. Figure 1 is a simplified cross sec-
tional view of the motor/generator 1 as taken along a
center axis of a rotary shaft 2 of the motor/generator 1.
In the first embodiment illustrated in Figure 1, the present
invention is applied to the motor/generator 1 that is ar-
ranged as an axial gap motor/generator. More specifical-
ly, the motor/generator 1 includes a stator 3 and a pair
of first and second drive rotors 4A and 4B (first rotor mem-
ber) arranged to face the stator 3 with axial gaps g1 being
formed therebetween. Moreover, as shown in Figure 1,
the motor/generator 1 further includes a pair of first and
second auxiliary rotors 4C and 4D (second rotor member)
and a pair of screw sections 23A and 23B (power con-
verting mechanism).
[0024] The stator 3 includes a plurality of stator units
13 that are arranged circumferentially with respect to the
rotary shaft 2 and supported in a case member 14. Each
of the stator units 13 includes a stator core 11 and a coil
12 wound around the stator core 11 as shown in Figure 1.
[0025] The first and second drive rotors 4A and 4B are
circular disk-shaped members arranged on both axially
facing sides of the stator 3. As shown in Figure 1, the
first drive rotor 4A has a permanent magnet 21A and a
back yoke 28A, and the second drive rotor 4B has a per-
manent magnet 21 B and a back yoke 28B. The first and
second drive rotors 4A and 4B are mounted to the rotary
shaft 2 on a pair of first and second ball splines 22A and
22B such that the first and second drive rotors 4A and
4B can move axially relative to the rotary shaft 2 but can-
not rotate relative to the rotary shaft 2.
[0026] The first and second auxiliary rotors 4C and 4D
are arranged radially inwardly of the stator 3 to face the
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stator 3 across radial gaps g2 (i.e., with the radial gaps
g2 being formed between the stator 3 and the first and
second auxiliary rotors 4C and 4D).
[0027] Each of the first and second auxiliary rotors 4C
and 4D has a plurality of protrusions and a plurality of
recessions arranged alternately along a circumferential
direction on an outer peripheral portion thereof. The pro-
trusions serve as protruding poles and constitute a plu-
rality of magnetic poles. Alternatively, the first and second
auxiliary rotors 4C and 4D can be provided with a plurality
of permanent magnets instead of having the structure
with the protrusions and the recessions.
[0028] As shown in Figure 1, a first thrust bearing 24A
is provided between the first auxiliary rotor 4C and the
first drive rotor 4A, and a second thrust bearing 24B is
provided between the second auxiliary rotor 4C and the
second drive rotor 4B. Thus, the first and second drive
rotors 4A and 4B thrust against the first and second aux-
iliary rotors 4C and 4D via the first and second thrust
bearings 24A and 24B, respectively.
[0029] The first and second auxiliary rotors 4C and 4D
are mounted to the rotary shaft 2 by the screw sections
23A and 23B, respectively. The screw sections 23A and
23B include female screws formed on inner circumfer-
ential surfaces of the first and second auxiliary rotors 4C
and 4D that face the rotary shaft 2, and male screws
formed on outer circumferential surfaces of the rotary
shaft 2. In the first embodiment illustrated in Figure 1, the
first and second auxiliary rotors 4C and 4D and the screw
sections 23A and 23B correspond to a magnetic resist-
ance changing mechanism of the present invention.
[0030] In the axial gap type motor/generator 1 as illus-
trated in Figure 1, the coils 12 of the stator 3 are con-
nected to an electric circuit E provided with an inverter
and a battery, and the electric circuit E is configured to
supply a composite electrical current to the coils 12. The
composite electrical current includes a first current com-
ponent configured to drive the first and second drive ro-
tors 4A and 4B and a second current component config-
ured to drive the first and second auxiliary rotors 4C and
4D. The composite electric current that can be used to
drive the first and second drive rotors 4A and 4B and the
first and second auxiliary rotors 4C and 4D in the present
invention as described above is disclosed in U.S. Patent
No. 6,049,152 assigned to the assignee of the present
application. The entire disclosure of U.S. Patent No.
6,049,152 is hereby incorporated herein by reference.
[0031] The coils 12 are configured and arranged to
generate a first magnetic field H1 when energized with
the first current component of the composite electric cur-
rent and a second magnetic field H2 when energized with
the second current component of the composite electric
current as shown in Figure 1. The first magnetic field H1
causes a first magnetic circuit m1 to form between the
stator 3 and the first and second drive rotors 4A and 4B.
The second magnetic field H2 causes a second magnetic
circuit m2 to form between the stator 3 and the first and
second auxiliary rotors 4C and 4D.

[0032] The first magnetic circuit m1 is configured such
that the magnetic flux flows as follows: the stator core 11
(in plane of paper in Figure 1) → the permanent magnet
21A (in plane of paper in Figure 1) → the back yoke 28A
→ the permanent magnet 21A (above or in front of plane
of paper in Figure 1, not shown) → the stator core 11
(above or in front of plane of paper in Figure 1, not shown)
→ the permanent magnet 21 B (above or in front of plane
of paper in Figure 1, not shown) → the back yoke 28B
→ the permanent magnet 21 B (in plane of paper in Figure
1) → the stator core 11 (in plane of paper in Figure 1).
[0033] The second magnetic circuit m2 is configured
such that the magnetic flux flows as follows: the stator
core 11 (in plane of paper in Figure 1) → one of the pro-
truding poles of the first auxiliary rotor 4C (below or be-
hind plane of paper in Figure 1) → another one of the
protruding poles of the first auxiliary rotor 4C (above or
in front of plane of paper in Figure 1, not shown) → the
stator core 11 (above or in front of plane of paper in Figure
1, not shown) → one of the protruding poles of the second
auxiliary rotor 4D (above or in front of plane of paper in
Figure 1, not shown) → another one of the protruding
poles of the second auxiliary rotor 4D (below or behind
plane of paper in Figure 1) → the stator core 11 (in plane
of paper in Figure 1).
[0034] The operation of the first embodiment will now
be explained. When the coils 12 are energized with the
first current component of the composite electrical cur-
rent, the stator 3 is configured and arranged to generate
the first magnetic field H1 that drives the first and second
drive rotors 4A and 4B. Therefore, the rotary shaft 2 is
rotated along with the rotation of the first and second
drive rotors 4A and 4B.
[0035] On the other hand, when the coils 12 are ener-
gized with the second current component of the compos-
ite electrical current, the stator 3 is configured and ar-
ranged to generate the second magnetic field H2 that
drives the first and second auxiliary rotors 4C and 4D
such that the first and second auxiliary rotors 4C and 4D
rotate relative to the rotary shaft 2. When the relative
rotation between the rotary shaft 2 and the first and sec-
ond auxiliary rotors 4C and 4D occurs, the screw action
of the screw sections 23A and 23B causes the first aux-
iliary rotor 4C to move toward the first drive rotor 4A and
the second auxiliary rotor 4C to move toward the second
drive rotor 4B. More specifically, when the first and sec-
ond auxiliary rotors 4C and 4D are rotated relative to the
rotary shaft 2, the first and second drive rotors 4A and
4B are moved axially away from the stator 3 due to the
axial movements of the first and second auxiliary rotors
4C and 4D. Thus, the screw sections 23A and 23B are
configured and arranged to convert the rotary torque of
the first and second auxiliary rotors 4C and 4D into an
axial force that moves the first and second drive rotors
4A and 4B in the axial direction. As a result, the lengths
of the axial gaps g1 between the stator 3 and the first
and second drive rotors 4A and 4B increase, and thus,
the magnetic resistance between the stator 3 and the
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first and second drive rotors 4A and 4B increases.
[0036] Accordingly, with the first embodiment of the
present invention, the first and second drive rotors 4A
and 4B (that drive the rotary shaft 2) and the first and
second auxiliary rotors 4C and 4D (that form the magnetic
resistance changing mechanism) can both be selectively
driven by supplying the composite electrical current to
the single stator 3. As a result, it is not necessary to pro-
vide a separate actuator to change the magnetic resist-
ance between the stator 3 and the first and second drive
rotors 4A and 4B.
[0037] Moreover, in the first embodiment, when the ro-
tational speed of the first and second drive rotors 4A and
4B is high and only a weak magnetic field is required, the
composite electric current can be used to move the first
and second drive rotors 4A and 4B axially outward and
increase the lengths of the axial gaps g1. Increasing the
lengths of the axial gaps g1 increases the magnetic re-
sistance and decreases the magnetic flux between the
stator 3 and the first and second drive rotors 4A and 4B.
Therefore, the increase in the induced voltage due to the
high rotational speed of the first and second drive rotors
4A and 4B can be suppressed. On the other hand, when
the rotational speed of the first and second drive rotors
4A and 4B is low and a weak magnetic field is not re-
quired, the composite electric current can be controlled
to move the first and second drive rotors 4A and 4B axially
inward to decrease the lengths of the axial gaps g1.
[0038] Accordingly, the motor/generator 1 in accord-
ance with the present invention is configured and ar-
ranged to drive the first and second drive rotors 4A and
4B and to change the magnetic resistance between the
stator 3 and the first and second drive rotors 4A and 4B
by energizing the coils 12 of the stator 3 with the com-
posite electrical current. As a result, it is not necessary
to provide a separate actuator and the number of parts
and cost of manufacturing the motor/generator 1 can be
prevented from increasing.
[0039] Referring now to Figure 2, a motor/generator 1’
in accordance with a second embodiment will now be
explained. In view of the similarity between the first and
second embodiments, the parts of the second embodi-
ment that are identical to the parts of the first embodiment
will be given the same reference numerals as the parts
of the first embodiment. Moreover, the descriptions of
the parts of the second embodiment that are identical to
the parts of the first embodiment may be omitted for the
sake of brevity. The parts of the second embodiment that
differ from the parts of the first embodiment will be indi-
cated with a single prime (’).
[0040] The motor/generator 1’ of the second embodi-
ment differs from the motor/generator 1 of the first em-
bodiment in a mechanism for moving a pair of first and
second drive rotors 4A’ and 4B’ (first rotor member) in
the axial direction. More specifically, the motor/generator
1’ of the second embodiment is provided with a pair of
loading cam mechanisms 25A and 25B as the power
converting mechanism instead of the screw sections 23A

and 23B used in the first embodiment as shown in Figure
1. The motor/generator 1’ of the second embodiment also
includes a pair of first and second auxiliary rotors 4C’ and
4D’ (second rotor member).
[0041] As shown in Figure 2, the loading cam mecha-
nism 25A is provided between the first auxiliary rotor 4C’
and the first drive rotor 4A’, and the loading cam mech-
anism 25B is provided between the second auxiliary rotor
4D’ and the second drive rotor 4B’. The loading cam
mechanisms 25A and 25B have a conventional structure,
such as the structure disclosed in, for example, Japanese
Laid-Open Utility Model Patent Application Publication
No. 05-075551. The entire disclosure of Japanese Laid-
Open Utility Model Patent Application Publication No.
05-075551 is hereby incorporated herein by reference.
[0042] As shown in Figure 2, the loading cam mecha-
nism 25A includes a cam surface 25A1 formed on an
axial inner surface of the first drive rotor 4A’, a cam sur-
face 25A2 formed on an axial outer surface of the first
auxiliary rotor 4C’, and a rolling body 25A3 arranged be-
tween the cam surfaces 25A1 and 25A2. Similarly, the
loading cam mechanism 25B includes a cam surface
25B2 formed on an axial outer surface of the second aux-
iliary rotor 4C’, a cam surface 25B1 formed on an axial
inner surface of the second drive rotor 4B’, and a rolling
body 25B3 arranged between the cam surfaces 25B1 and
25B2. The loading cam mechanism 25A is configured
and arranged such that an axial force is generated when
an angular phase difference occurs between the first
drive rotor 4A’ and the first auxiliary rotor 4C’. The loading
cam mechanism 25B is configured and arranged such
that an axial force is generated when an angular phase
difference occurs between the second auxiliary rotor 4C’
and the second drive rotor 4B’. Thus, in the second em-
bodiment illustrated in Figure 2, the first and second aux-
iliary rotors 4C’ and 4D’ and the loading cam mechanisms
25A and 25B correspond to a magnetic resistance chang-
ing mechanism of the present invention.
[0043] The first and second auxiliary rotors 4C’ and
4D’ are rotatably supported on the rotary shaft 2 with a
pair of bearings 29A and 29B, respectively. Moreover,
as shown in Figure 2, the motor/generator 1’ includes a
pair of stoppers 30A and 30B to restrict axial movements
of the first and second auxiliary rotors 4C’ and 4D’ toward
the stator 3.
[0044] Also, the motor/generator 1’ further includes a
pair of Belleville springs 27A and 27B and a pair of stop-
pers 26A and 26B. The Belleville springs 27A and 27B
are configured and arranged to spring load the first and
second drive rotors 4A’ and 4B’ toward the stator 3. The
stoppers 26A and 26B are configured and arranged to
position the Belleville springs 27A and 27B.
[0045] With the motor/generator 1’ of the second em-
bodiment, when the coils 12 are energized with the first
current component of the composite electrical current,
the stator 3 is configured and arranged to generate the
first magnetic field H1 that rotatably drives the first and
second drive rotors 4A’ and 4B’. Therefore, the rotary
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shaft 2 is rotated along with the rotation of the first and
second drive rotors 4A’ and 4B’.
[0046] On the other hand, when the coils 12 are ener-
gized with the second current component of the compos-
ite electrical current, the stator 3 is configured and ar-
ranged to generate the second magnetic field H2 that
drives the first and second auxiliary rotors 4C’ and 4D’.
By changing (differentiating) the drive forces acting on
the first and second auxiliary rotors 4C’ and 4D’ from the
drive forces acting on the first and second drive rotors
4A’ and 4B’ using the first and second current compo-
nents of the composite electrical current, an angular
phase difference can be produced between the first aux-
iliary rotor 4C’ and the first drive rotor 4A’ and between
the second auxiliary rotor 4D’ and the second drive rotor
4B’. The angular phase difference causes the loading
cam mechanisms 25A and 25B to operate and move the
first and second drive rotors 4A’ and 4B’ farther away
from the stator 3 along the axial direction of the rotary
shaft 2. As a result, the lengths of the axial gaps g1 be-
tween the first and second drive rotors 4A’ and 4B’ and
the stator 3increase. Therefore, the magnetic resistance
between the stator 3 and the first and second drive rotors
4A’ and 4B’ increases.
[0047] Accordingly, the motor/generator 1’ of the sec-
ond embodiment can achieve the same effects as in the
motor/generator 1 of the first embodiment as explained
above. In addition, the force produced by the second cur-
rent component of the composite electrical current for
increasing the lengths of the axial gaps g1 is transmitted
from the first and second auxiliary rotors 4C’ and 4D’ to
the rotary shaft 2 through the loading cam mechanisms
25A and 25B and the first and second drive rotors 4A’
and 4B’. Therefore, the force produced by the second
current component also serves as a force that drives the
rotary shaft 2. Thus, the second current component sup-
plied in order to increase the magnetic resistance can be
used effectively as a drive force in the second embodi-
ment of the present invention.
[0048] Referring now to Figure 3, a motor/generator
31 in accordance with a third embodiment will now be
explained. In view of the similarity between the first, sec-
ond and third embodiments, the parts of the third embod-
iment that are identical to the parts of the first or second
embodiment will be given the same reference numerals
as the parts of the first or second embodiment. Moreover,
the descriptions of the parts of the third embodiment that
are identical to the parts of the first or second embodiment
may be omitted for the sake of brevity. The parts of the
third embodiment that differ from the parts of the first or
second embodiment will be indicated with a single prime
(’).
[0049] Figure 3 is a pair of diagrams (a) and (b) illus-
trating simplified cross sectional views of the motor/gen-
erator 31 taken along a center axis of the rotary shaft 2
of the motor/generator 31 in accordance with the third
embodiment of the present invention. The diagram (a) of
Figure 3 illustrates a low rotations speed state of the mo-

tor/generator 31 and the diagram (b) of Figure 3 illustrates
a high rotational speed state of the motor/generator 31.
In the third embodiment, the motor/generator 31 is ar-
ranged as a radial gap type motor/generator in which a
stator 3’ and a pair of first and second drive rotors 34A
and 34B are arranged to face each other across radial
gaps g21 as shown in the diagrams (a) and (b) of Figure
3. In other words, the stator 3’ and the first and second
drive rotors 34A and 34B are positioned such that the
first and second drive rotors 34A and 34B and the stator
3’ at least partially overlap as viewed in a radial direction
with respect to the rotary shaft 2. The first and second
drive rotors 34A and 34B include permanent magnets
21A’ and 21 B’, respectively, which are disposed on cir-
cumferential surfaces of the first and second drive rotors
34A and 34B.
[0050] More specifically, the motor/generator 31 in-
cludes the stator 3’, the first and second drive rotors 34A
and 34B (first rotor member), a pair of first and second
auxiliary rotors 34C and 34D (second rotor member) and
a pair of loading cam mechanisms 25A’ and 25B’ (power
converting mechanism). The structures of the loading
cam mechanisms 25A’ and 25B’ are the same as the
structures of the loading cam mechanisms 25A and 25B
of the second embodiment illustrated in Figure 2.
[0051] In the third embodiment, the first and second
auxiliary rotors 34C and 34D are also arranged to face
the stator 3’ across radial gaps g22 as shown in the di-
agrams (a) and (b) of Figure 3. Moreover, the first and
second auxiliary rotors 34C and 34D are formed as an
integral part of at a base part 32 of the first and second
auxiliary rotors 34C and 34D, which is located closer (ra-
dially inwardly) to the rotary shaft 2. Furthermore, in the
third embodiment, the first and second auxiliary rotors
34C and 34D include a plurality of permanent magnets
21 C’ and 21 D’, respectively, that are disposed on the
circumferential surfaces of the first and second auxiliary
rotors 34C and 34D as shown in the diagrams (a) and
(b) of Figure 3. Alternatively, the first and second auxiliary
rotors 34C and 34D can be provided with a plurality of
protrusions and a plurality of recessions that are alter-
nately arranged on the circumferential surfaces of the
first and second auxiliary rotors 34C and 34D similarly
to the first and second auxiliary rotors 4C and 4D of the
first embodiment described above.
[0052] The loading cam mechanism 25A’ is provided
between the base part 32 (of the first and second auxiliary
rotors 34C and 34D) and the first drive rotor 34A. The
loading cam mechanism 25B’ is provided between the
base part 32 and the second drive rotor 34B. Alternative-
ly, it is also acceptable to provide a single loading cam
mechanism 25A’ or 25B’ on only one axial side of the
base part 32.
[0053] The stator 3’ includes a plurality of stator units
13’ that are arranged circumferentially with respect to the
rotary shaft 2 and supported in the case member 14.
Each of the stator units 13’ includes a stator core 11’ and
a coil 12’ wound around the stator core 11’ as shown in
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the diagrams (a) and (b) of Figure 3.
[0054] With the motor/generator 31 of the third embod-
iment, when the coils 12’ are energized with the first cur-
rent component of the composite electrical current, the
stator 3’ is configured and arranged to generate a first
magnetic field causing a first magnetic circuit m1 that
drives the first and second drive rotors 34A and 34B.
Therefore, the rotary shaft 2 is rotated along with the
rotation of the first and second drive rotors 34A and 34B.
[0055] On the other hand, when the coils 12’ are en-
ergized with the second current component of the com-
posite electrical current, the stator 3’ is configured and
arranged to generate a second magnetic field causing a
second magnetic circuit m2 that drives the first and sec-
ond auxiliary rotors 34C and 34D. By changing (differen-
tiating) the drive forces acting on the first and second
auxiliary rotors 34C and 34D from the drive forces acting
on the first and second drive rotors 34A and 34B, an
angular phase difference can be produced between the
first auxiliary rotor 34C and the first drive rotor 34A and
between the second auxiliary rotor 34D and the second
drive rotor 34B. The angular phase difference causes the
loading cam mechanisms 25A’ and 25B’ to operate and
move the first and second drive rotors 34A and 34B far-
ther away from the stator 3’ along the axial direction of
the rotary shaft 2. When the first and second drive rotors
34A and 34B move away from the stator 3’ in the axial
direction, a circumferential area (surface area) of the first
and second drive rotors 34A and 34B that overlap the
stator 3’ (the stator units 13’) as viewed in the radial di-
rection decreases. Accordingly, the magnetic resistance
between the stator 3’ and the first and second drive rotors
34A and 34B increases. Thus, in the third embodiment
illustrated in Figure 3, the first and second auxiliary rotors
34C and 34D and the loading cam mechanisms 25A’ and
25B’ correspond to a magnetic resistance changing
mechanism of the present invention.
[0056] Referring to the diagrams (a) and (b) of Figure
3, the operation of the third embodiment will now be ex-
plained in more detail. The diagram (a) of Figure 3 shows
the state of the motor/generator 31 when the rotational
speed is low. In such case, the composite electrical cur-
rent supplied to the coils 12’ from the electric circuit E is
set such that the first and second drive rotors 34A and
34B and the first and second auxiliary rotors 34C and
34D are rotated with the same drive force to maintain the
positional relationship therebetween as shown in the di-
agram (a) of Figure 3. Consequently, the axial cross sec-
tional area of the space where the radial gaps g21 exist
between the stator 3’ and the first and second drive rotors
34A and 34B is maximized. In other words, the circum-
ferential area of the first and second drive rotors 34A and
34B that overlap the stator units 13’ as viewed in the
radial direction is maximized.
[0057] On the other hand, the diagram (b) of Figure 3
shows the state of the motor/generator 31 when the ro-
tational speed is high. In such case, the composite elec-
trical current supplied to the coils 12’ from the electric

circuit E is controlled such that the drive force acting on
the first and second drive rotors 34A and 34B is different
from the drive forces acting on the first and second aux-
iliary rotors 34C and 34D, and thus, an angular phase
difference develops between the first and second auxil-
iary rotors 34C and 34D and the first and second drive
rotors 34A and 34B. As a result, the loading cam mech-
anisms 25A’ and 25B’ are configured and arranged to
operate to move the first and second drive rotors 34A
and 34B farther away from the stator 3’ in the axial direc-
tion. Consequently, the axial cross sectional area of the
space where the radial gaps g21 exist between the stator
3’ and the first and second drive rotors 34A and 34B is
reduced. In other words, the circumferential area of the
first and second drive rotors 34A and 34B that overlap
the stator units 13’ as viewed in the radial direction is
reduced. The reduction of the axial cross sectional area
of the spaces where the axial gaps g21 exist causes the
magnetic resistance between the stator 3’ and the first
and second drive rotors 34A and 34B to increase.
[0058] Accordingly, the motor/generator 31 of the third
embodiment shown in the diagrams (a) and (b) of Figure
3 can achieve the same operational effects as the first
and second embodiments shown in Figures 1 and 2.
[0059] Referring now to Figure 4, a motor/generator
31’ in accordance with a fourth embodiment will now be
explained. In view of the similarity between the first, third
and fourth embodiments, the parts of the fourth embod-
iment that are identical to the parts of the first or third
embodiment will be given the same reference numerals
as the parts of the first or third embodiment. Moreover,
the descriptions of the parts of the fourth embodiment
that are identical to the parts of the first or third embod-
iment may be omitted for the sake of brevity. The parts
of the fourth embodiment that differ from the parts of the
first or third embodiment will be indicated with a single
prime (’).
[0060] The motor/generator 31’ of the fourth embodi-
ment differs from the motor/generator 31 of the third em-
bodiment in a mechanism for moving first and second
drive rotors 34A’ and 34B’ (first rotor member) in the axial
direction. More specifically, the motor/generator 31’ of
the fourth embodiment includes a pair of screw sections
23A’ and 23B’ (power converting mechanism) between
a base part 32’ of a pair of first and second auxiliary drive
rotors 34C’ and 34D’ (second rotor member) and the first
and second drive rotors 34A’ and 34B’ instead of the
loading cam mechanisms 25A’ and 25B’ used in the third
embodiment shown in Figure 3. The structures of the
screw sections 23A’ and 23B’ are similar to the structures
of the screw sections 23A and 23B of the motor/generator
1 of the first embodiment (Figure 1) described above.
[0061] In the fourth embodiment, the screw sections
23A’ and 23B’ are configured and arranged to move the
first and second drive rotors 34A’ and 34B’ in the axial
direction with respect to the first and second auxiliary
rotors 34C’ and 34D’ by driving the first and second aux-
iliary rotors 34C’ and 34D’ (the base part 32’) with the
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second current component of the composite electrical
current. More specifically, the first current component of
the composite electrical current forms the first magnetic
circuit m1 with the first magnetic field for driving the first
and second drive rotors 34A’ and 34B’, and the second
current component of the composite electrical current
forms the second magnetic circuit m2 with the second
magnetic field for driving the first and second auxiliary
rotors 34C’ and 34D’. Thus, in the fourth embodiment
illustrated in Figure 4, the first and second auxiliary rotors
34C’ and 34D’ and the screw sections 23A’ and 23B’
correspond to a magnetic resistance changing mecha-
nism of the present invention.
[0062] Accordingly, the motor/generator 31’ of the
fourth embodiment shown in Figure 4 can achieve the
same operational effects as the first through third em-
bodiments shown in Figures 1 through 3.
[0063] Referring now to Figure 5, a motor/generator
41 in accordance with a fifth embodiment will now be
explained. In view of the similarity between the fourth and
fifth embodiments, the parts of the fifth embodiment that
are identical to the parts of the fourth embodiment will be
given the same reference numerals as the parts of the
fourth embodiment. Moreover, the descriptions of the
parts of the fifth embodiment that are identical to the parts
of the fourth embodiment may be omitted for the sake of
brevity. The parts of the fifth embodiment that differ from
the parts of the fourth embodiment will be indicated with
a single prime (’).
[0064] The motor/generator 41 of the fifth embodiment
differs from the motor/generators of the first through
fourth embodiments described above in that the motor/
generator 41 of the fifth embodiment combines an axial
gap structure and a radial gap structure together. More
specifically, as shown Figure 5, in the motor/generator
41, a radial gap type motor/generator portion for gener-
ating torque is formed by the stator 3’ and a pair of first
and second drive rotors 44A and 44B (first rotor member)
that are arranged coaxially about the rotary shaft 2. On
the other hand, an axial gap type motor/generator portion
is formed by an auxiliary rotor 44C (second rotor member)
(only one auxiliary rotor 44C is provided in the fifth em-
bodiment). The auxiliary rotor 44C includes a base part
42 and a circumferential end portion. The circumferential
end portion of the auxiliary rotor 44C extends between
adjacent pair of the stator units 13’ as shown in Figure
5. The permanent magnets 21 C’ are disposed in the
circumferential end portion of the auxiliary rotor 44C so
that the permanent magnets 21 C’ and the stator 3’ form
the second magnetic circuit m2 with the second magnetic
field when the coils 12’ are energized with the second
current component of the composite electric current.
[0065] The screw sections 23A’ and 23B’ are provided
between the base part 42 of the auxiliary rotor 44C and
the first and second drive rotors 44A and 44B. Similarly
to the fourth embodiment, the screw sections 23A’ and
23B’ are configured and arranged to move the first and
second drive rotors 44A and 44B in the axial direction

with respect to the auxiliary rotors 44C by driving the
auxiliary rotor 44C (the base part 42) with the second
current component of the composite electrical current
(the second magnetic circuit m2). Thus, the auxiliary rotor
44C serves as an actuator that moves the first and sec-
ond drive rotors 44A and 44B in the axial direction. In the
fifth embodiment illustrated in Figure 5, the auxiliary rotor
44C and the screw sections 23A’ and 23B’ correspond
to a magnetic resistance changing mechanism of the
present invention.
[0066] Accordingly, the motor/generator 41 of the fifth
embodiment shown in Figure 5 can achieve the same
operational effects as the first through fourth embodi-
ments shown in Figures 1 through 4.
[0067] Referring now to Figure 6, a motor/generator
41’ in accordance with a sixth embodiment will now be
explained. In view of the similarity between the fifth and
sixth embodiments, the parts of the sixth embodiment
that are identical to the parts of the fifth embodiment will
be given the same reference numerals as the parts of
the fifth embodiment. Moreover, the descriptions of the
parts of the sixth embodiment that are identical to the
parts of the fifth embodiment may be omitted for the sake
of brevity. The parts of the sixth embodiment that differ
from the parts of the fifth embodiment will be indicated
with a single prime (’).
[0068] The motor/generator 41’ of the sixth embodi-
ment is basically identical to the motor/generator 41 of
the first embodiment except that the radial length of an
auxiliary rotor 44C’ (second rotor member) is changed
such that the circumferential end portion of the auxiliary
rotor 44C’ does not extend between the stator units 13’.
Similarly to the fifth embodiment, the auxiliary rotor 44C’
of the sixth embodiment forms an axial gap type motor/
generator portion that serves as an actuator configured
and arranged to move the first and second drive rotors
44A and 44B in the axial direction with respect to the
auxiliary rotors 44C by driving the auxiliary rotor 44C’ (a
base part 42’) with the second current component of the
composite electrical current (the second magnetic circuit
m2). In the sixth embodiment illustrated in Figure 6, the
auxiliary rotor 44C’ and the screw sections 23A’ and 23B’
correspond to a magnetic resistance changing mecha-
nism of the present invention.
[0069] Accordingly, the motor/generator 41’ of the
sixth embodiment shown in Figure 6 can achieve the
same operational effects as the first through fifth embod-
iments shown in Figures 1 through 6.
[0070] In understanding the scope of the present in-
vention, the term "comprising" and its derivatives, as
used herein, are intended to be open ended terms that
specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but do not
exclude the presence of other unstated features, ele-
ments, components, groups, integers and/or steps. The
foregoing also applies to words having similar meanings
such as the terms, "including", "having" and their deriv-
atives. Also, the terms "part," "section," "portion," "mem-
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ber" or "element" when used in the singular can have the
dual meaning of a single part or a plurality of parts. More-
over, terms that are expressed as "means-plus function"
in the claims should include any structure that can be
utilized to carry out the function of that part of the present
invention. The terms of degree such as "substantially",
"about" and "approximately" as used herein mean a rea-
sonable amount of deviation of the modified term such
that the end result is not significantly changed.
[0071] While only selected embodiments have been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that
various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. For example, the size,
shape, location or orientation of the various components
can be changed as needed and/or desired. Components
that are shown directly connected or contacting each oth-
er can have intermediate structures disposed between
them. The functions of one element can be performed
by two, and vice versa. The structures and functions of
one embodiment can be adopted in another embodiment.
It is not necessary for all advantages to be present in a
particular embodiment at the same time. Every feature
which is unique from the prior art, alone or in combination
with other features, also should be considered a separate
description of further inventions by the applicant, includ-
ing the structural and/or functional concepts embodied
by such feature(s). Thus, the foregoing descriptions of
the embodiments according to the present invention are
provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims
and their equivalents.
[0072] This application claims priority from Japanese
Patent Application No. 2006-072558, filed 16th March
2006, the contents of which are expressly incorporated
herein by reference.

Claims

1. A motor/generator comprising:

magnetic field generating means for generating
first and second magnetic fields when energized
with a composite electrical current;
drive force outputting means for generating and
outputting a rotary drive force using a first mag-
netic circuit formed by the first magnetic field;
and
magnetic resistance changing means for chang-
ing a magnetic resistance of the first magnetic
circuit by using the second magnetic field.

2. A motor/generator as claimed in claim 1 wherein:

the magnetic field generating means comprises
a stator having a plurality of coils and arranged

to be energized with a composite electrical cur-
rent to form first and second magnetic fields;
the drive force outputting means comprises a
first rotor member arranged to be rotated with
respect to the stator using the first magnetic
field; and
the magnetic resistance changing means com-
prises a mechanism arranged to change a mag-
netic resistance between the stator and the first
rotor member using the second magnetic field.

3. A motor/generator as claimed in claim 2, wherein:

the first rotor member is disposed to face the
stator with an axial gap being formed between
the first rotor member and the stator with respect
to a rotary shaft of the first rotor member, and
the magnetic resistance changing mechanism
is arranged to change a length of the axial gap
between the first rotor member and the stator
by using the second magnetic field to generate
an axial force to move the first rotor member in
an axial direction.

4. A motor/generator as claimed in claim 2 or claim 3,
wherein:

the first rotor member is disposed to face the
stator with a radial gap being formed between
the first rotor member and the stator such that
the first rotor member and the stator at least par-
tially overlap as viewed in a radial direction with
respect to a rotary shaft of the first rotor member,
and
the magnetic resistance changing mechanism
is arranged to change a circumferential area of
the first rotor member that overlaps with the sta-
tor as viewed in the radial direction by using the
second magnetic field to generate an axial force
to move the first rotor member in an axial direc-
tion.

5. A motor/generator as claimed in any of claims 2 to
4, wherein the magnetic resistance changing mech-
anism includes:

a second rotor member disposed to face the sta-
tor with a radial gap being formed between the
second rotor member and the stator with respect
to the rotary shaft, the second rotor member be-
ing configured and arranged to be driven by us-
ing the second magnetic field; and
a power converting mechanism configured and
arranged to convert torque of the second rotor
member into the axial force to move the first rotor
member in the axial direction.

6. A motor/generator as claimed in claim 5 wherein the
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power converting mechanism includes a screw sec-
tion formed between the second rotor member and
the rotary shaft.

7. A motor/generator as claimed in claim 6, wherein the
screw section is formed between the first rotor mem-
ber and the second rotor member.

8. A motor/generator as claimed in any of claims 5 to
7, wherein the power converting mechanism in-
cludes a loading cam mechanism formed between
the first rotor member and the second rotor member.

9. A motor/generator as claimed in any preceding claim
wherein the magnetic resistance changing mecha-
nism includes:

a second rotor member disposed to face the sta-
tor with an axial gap being formed between the
second rotor member and the stator with respect
to the rotary shaft, the second rotor member be-
ing arranged to be driven by using the second
magnetic field; and
a power converting mechanism arranged to con-
vert torque of the second rotor member into the
axial force to move the first rotor member in the
axial direction.

10. A vehicle having a motor/generator as claimed in
any preceding claim.
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